Abstract Objective: Little was known about the role of socioeconomic status as a risk factor for epistaxis in adult population. The objective of this study was to determine whether socioeconomic status influences the presentation to emergency department for anterior epistaxis in an adult population. Methods: Retrospective review of emergency department visits from January 2012 to May 2014. The setting is in an emergency department of a Canadian tertiary care centre. Adult patients with primary diagnosis of anterior epistaxis in the emergency department were included in this study. The main outcome was emergency department visits for anterior epistaxis visits. Results: A total of 351 cases of anterior epistaxis were included. The mean age was 70 years and 51% of patients were male. The patients were stratified into two groups based on whether their age was equal to and above, or below 75 years. Our analysis indicated that those 75 years or older in higher income quintiles have an increased risk of anterior epistaxis compared to the subjects in the lower income quintiles (P < 0.05). This association did not hold true for those younger than 75 years or for all age groups combined.
Introduction
Epistaxis is one of the most common otolaryngology health problems, affecting 60% of the population at least once in their lifetime. 1 Even though most cases are self-limiting, it accounts for 0.46% of all emergency department (ED) visits in the United States. 2 The age distribution is bimodal, 2, 3 with peak incidences in those under 10 years and over 40 years of age. In adults, more than 90% of bleeds are anterior arising from the Kiesselbach's plexus on the nasal septum. 1, 4 The most common causes of epistaxis have been characterised as idiopathic, traumatic, iatrogenic, and neoplastic. 5 Several factors influence the risk of epistaxis including age, sex, seasonal variation, smoking, nasal steroid spray use, and the presence of a coagulopathy. 2,5À9 Less is known about the extent to which any social determinants of health affect the risk of epistaxis. Up to this time, there are no studies investigating the relationship between socioeconomic status (SES) and the incidence of epistaxis. It has been shown the lower SES is associated with higher risk of upper gastrointestinal bleed, 10 abnormal uterine bleed 11 and hemorrhage during warfarin therapy. 12 Our purpose was to determine if there is a significant correlation between SES and the occurrence of anterior epistaxis observed in the ED.
Material and methods

Study design and setting
This retrospective study was approved by the Research Ethics Board at the Ottawa Hospital Research Institute. All the patient visits to the ED at the Ottawa Hospital (TOH), a Canadian tertiary care centre, with the primary diagnosis of anterior epistaxis during the period of January 2012 to May 2014 were reviewed.
Selection of participants
Adult patients with primary diagnosis of epistaxis in the ED were included in the study. The International Classification of Disease, version 10 (ICD-10), code for epistaxis (R04-0) was used to identify the patients and obtain the health records. Since the epistaxis code does not differentiate between anterior and posterior epistaxis, all the records were hand searched to exclude patients with the diagnosis of posterior epistaxis or concurrent anterior and posterior epistaxis. Patients who presented with epistaxis as a complication of a secondary condition, such as end-stage malignancies, or those who died during the ED visit were excluded. Patients with an initial visit to the ED to remove the packing that had been placed at a different institute and those who were treated as posterior epistaxis despite having an anterior epistaxis were excluded as well. Patients who received a treatment modality that was used in less than five cases were also excluded from analysis. Refer to Fig. 1 for the study flow chart.
Methods and measurements
The data on patient demographics, including age, sex, and postal code, comorbidities, the treatment modalities used, the course in emergency department, admission, concurrent medical disorders, medications and recurrence or ED follow-up information were extracted from the identified charts. Treatment modalities identified for data abstraction included conservative (no treatment), nasal clip, petroleum gauze packing, polyvinyl alcohol (PVA) sponge packing, Gelatin-Thrombin Matrix, Surgicel â Absorbable hemostat, Epistat, silver nitrate cautery, electrocautery, endoscopic surgery, arterial embolization and other treatments not otherwise specified (NOS). These data were used in a previous study 13 to assess the current practices for anterior epistaxis management and evaluate the outcomes.
The individual postal codes at the time of presentation were matched to Statistics Canada Census using Statistics Canada Postal Code Conversion File (PCCF þ Version 5F) in order to determine the neighbourhood income quintile at the level of dissemination area. The dissemination areas are the smallest standard geographical units in Canada, which provide a more accurate estimate of socioeconomic status compared to other larger reporting areas. 14, 15 This method of determining socioeconomic status has been used in several other studies in Ontario.
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Outcome
The primary outcome of this study was the occurrence of anterior epistaxis based on ED visits. We determined the number of outcomes for each of the income quintiles and stratified the data into two groups based on whether the patients were older or younger than the median age (75 years) which created two groups roughly equal in number.
Statistical analysis
All statistical calculations were done using SAS Version 9.3 (SAS Institute, Cary, NC). The categorical variables were summarized using frequency counts and percentages, while continuous variables were summarized by mean (SD) or median (IQR), as appropriate. Chi-square test was used for statistical analysis. A 5% (P < 0.05) level of statistical significant was chosen. Post-hoc power calculation was performed.
Results
Characteristics of study subjects
During the period of January 2012 to May 2014, there were 419 visits to the ED with a diagnosis of anterior epistaxis. After excluding 68 patients due to reasons listed in Fig. 1 , a total of 351 anterior epistaxis cases were included in the study. The characteristics recorded co-morbidities of the included patients are summarized in Table 1 . The mean age of patients was 70 years, the median was 75 years and 179 (51%) were male. There were 217 (62%) patients on some type of antiplatelet or anticoagulant medication at the time of ED presentation. Overall, the patients were evenly distributed amongst the quintiles with 63 (18%), 74 (21%), 66 (19%), 71 (20%) and 77 (22%) patients in each income quintile from lowest to highest quintiles respectively. Table 2 summarizes the number of patients in each income quintile with diagnosis of anterior epistaxis who is above or under age 75. There were 177 patients equal to or older than 75 years of age, and 174 patients younger than 75 years. For those at or over the age of 75 years, the percentage of patients with anterior epistaxis in each income quintile from lowest to highest was 14%, 19%, 15%, 27% and 24% respectively. There was a statistically significant correlation between the presentation to ED for anterior epistaxis and income quintiles (P < 0.05) for this age group with higher income quintiles being associated with higher number of ED visits for anterior epistaxis. The post-hoc power calculation was completed for this age group to be 0.77 with an alpha of 5%, detecting no change in effect size. However, this correlation was not significant for those under the age of 75 or for the pooled data of patients of all ages.
Main results
Discussion
This study suggests that the number of ED visits for anterior epistaxis is significantly higher in those with higher SES and older than 75 years. In addition, utilization of the ED was more common among elderly as the mean and median age of patients were 70 and 75 respectively. This is in accordance to a previous study by Pallin et al 2 which demonstrated that the age group of 70e79 had the highest presentation of epistaxis in the adult population.
There are many variables that could contribute to higher utilization of ED for epistaxis in the elderly population. Studies have found that co-morbidities, such as hypertension, diabetes and congestive heart failure, are potential risk factors for epistaxis. 6, 19 Hypertension and diabetes are hypothesized to contribute to atherosclerosis of vessels and congestive heart failure has been shown to increase the venous pressure in the nasal vessels, causing damage to the nasal blood vessels. 20 Also, there is a higher use of anticoagulant and antiplatelet treatment for various chronic diseases in the elderly which contributes to a higher incidence of epistaxis.
There are possible reasons for which higher SES is associated with a higher presentation to ED for anterior epistaxis. Although many studies conducted in Ontario have concluded that those individuals with lower SES have more frequent emergency department visits compared with higher SES, 21À23 there are several studies which imply that individuals with higher SES seek out and receive treatment sooner and more often than those of lower SES. For example, many studies suggest that people with moderate to higher income and education levels have higher specialist utilization. 24À26 This could have several potential implications. First, it might result in a higher incidence of diagnosis and self-reported severity of diseases, including epistaxis, among a higher SES population; second, it could lead to a higher reported prevalence of chronic disease, such as hypertension, diabetes, and coagulopathies. Third, it could lead to higher medication use, such as anticoagulation therapy, and the inappropriate use of topical nasal steroids, both of which are associated with anterior epistaxis. In support, an Ontario study indicates that individuals with complementary insurance coverage have significantly increased medication use. 27 In addition, presentation to ED could be influenced by distance from the hospital, means of transportation and threshold to be present to the hospital, as the first two could be associated with lower socioeconomic status and the latter could be associated with older age.
Furthermore, many environmental factors tend to be geographical or dependent on the living condition and therefore affect people with certain postal codes more than others. Temperature, humidity and pollution levels were found to be associated with higher ED visits for epistaxis. 7, 8, 28 Alcohol use is an established risk factor for epistaxis 29, 30 and those with higher SES may consume similar or higher amounts of alcohol compared with the lower SES population. 31 
Study limitations
A limitation of this study is the small sample size, which limited the power of the study to find a statistically significant difference between different SES groups in patients younger than 75. The retrospective design of the study and reliance on hospital medical records of patients visiting ED is another limitation. Furthermore, the data does not represent incidence of anterior epistaxis as it captures only those individuals with a severe enough condition (as determined by the patient) to seek medical attention in the ED. Since the study was conducted at TOH, and socioeconomic status was based on postal codes, there is a potential for recruitment bias. The external applicability of the study also becomes limited, as this population may not be representative of the distribution of SES in Canada or North America. There are other confounding variables that were not captured in this study, seasonal variation, pollution levels, smoking status, and whether the co-morbidities, such as hypertension and diabetes, were controlled. These variables were not adjusted for in the analysis.
It is possible that the findings regarding a higher occurrence of epistaxis in higher SES individuals in the elderly subgroup is an artifact of survival bias of this population. Studies have shown that in patients with co-morbidities associated with epistaxis a higher SES is associated with a lower mortality rate. 32, 33 This implies that a greater number of patients in the high SES group in comparison to the low SES group survive over the age of 75 years resulting in variation in baseline characteristics in terms of comorbidities among different SES groups which is thereby reflected in a higher rate of epistaxis. However, this effect is less pronounced in the younger subgroup as they have not lived long enough in order for the effects of these chronic diseases to affect mortality, and create this bias. This idea of survival bias has been identified and described previously in the medical literature.
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Despite these limitations, this is the first study that looks at the role of SES and occurrence of epistaxis in the adult population. Whether this is a true occurrence rate or simply higher rate of presentation to the hospital in patients of higher SES, the result of this study could be used by physicians for risk recognition and patient education, and by public health planners for assessing the population risk of this Otolaryngological emergency. Primary care providers may be better able to focus their education efforts for anterior epistaxis towards the elderly at risk population in particular when prescribing medications that could increase the occurrence of this emergency. On the other hand, this information will allow Emergency Medicine physicians and Otolaryngologists to be more aware of these risk factors to better understand the presentation of patients who present to a hospital emergency department with anterior epistaxis.
Conclusion
In conclusion, there appears to be an association between higher SES and the occurrence of anterior epistaxis in the population older than 75. Such association does not exist for the population under age of 75. Future studies with prospective design and larger sample size must be conducted in order to re-evaluate whether this association is applicable to other age groups. (13) 34 (19) a Statistically significant (P < 0.05).
